Background The influence of in-hospital delay (time between admission and operation) on outcome after appendectomy is controversial. Methods A total of 1,827 adult patients underwent open or laparoscopic appendectomy for suspected appendicitis in eleven Swiss hospitals between 2003 and 2006. Of these, 1,675 patients with confirmed appendicitis were included in the study. Groups were defined according in-hospital delay (B12 vs. [12 h). Results Delay [ 12 h was associated with a significantly higher frequency of perforated appendicitis (29.7 vs. 22.7%; P = 0.010) whereas a delay of 6 or 9 h was not. Size of institution, time of admission, and surgical technique (laparoscopic vs. open) were independent factors influencing in-hospital delay. Admission during regular hours was associated with higher age, higher frequency of co-morbidity, and higher perforation rate compared to admission after hours. The logistic regression identified four independent factors associated with an increased perforation rate: age (B65 years vs. [65 years, odds ratio (OR) 4.5, P \ 0.001); co-morbidity (Charlson index [ 0 vs. Charlson index = 0, OR 2.3, P \ 0.001); time of admission (after hours vs. regular hours, OR 0.8, P = 0.040), in-hospital delay ([12 vs. B12 h, OR 1.5, P = 0.005). Perforation was associated with an increased reintervention rate (13.4 vs. 1.6%; P \ 0.001) and longer length of hospital stay (9.5 vs. 4.4 days; P \ 0.001).
Introduction
Appendicitis is the most frequent surgical emergency. Open or laparoscopic resection of the inflamed appendix is the standard treatment. Perforation rates vary from 17 to 32% [1] [2] [3] [4] [5] [6] and often mandate extended treatment with antibiotics, greater risk of complications, and longer hospital stays [4] [5] [6] [7] [8] [9] [10] [11] [12] . A number of risk factors for perforation have been described, such as age, co-morbidity, and gender [13] [14] [15] [16] [17] [18] .
Duration of inflammation of the appendix is related to the risk of perforation [1, 7, 8, 10, 13, [19] [20] [21] . Time periods between onset of symptoms, medical assessment, diagnosis, and treatment are important. Delay to diagnosis is difficult to assess, especially in elderly patients who often have difficulties in reporting the onset of their symptoms. In-hospital delay is more easily quantified and has been analyzed in a number of articles, but with contradictory results [1, 7, 8, 10, 11, 19, 22, 23] .
It is important to determine the effect of in-hospital delay on perforation rates to ascertain whether it is necessary to operate on patients with suspected appendicitis after hours. In many countries in central Europe, emergency appendectomies are still performed after hours, whereas in most English-speaking countries, off-hours surgery (especially nighttime surgery) is restricted to lifeor limb-threatening conditions. With increasing economic pressure on public health care, off-hour surgery might become less frequent. However, the costs incurred by the increased morbidity related to surgical delay may well exceed the savings gained by not operating after hours.
The aim of the present work, a prospective multicenter observational study, was to evaluate the influence of inhospital delay on perforation rates and clinical outcomes in adult patients with suspected appendicitis.
Patients and methods
Between January 2003 and January 2006, all adult patients treated with suspected appendicitis in eleven hospitals in Switzerland were included in a quality assessment project of the 'Outcome' Association. There were three tertiary referral centers (over 10,000 admissions per year) and seven regional hospitals (under 10,000 admissions per year). The 'Outcome' Association is a non-profit organization that was founded by the Health Authority of the State of Zurich to improve hospital care quality. The quality assessment project for patients undergoing treatment for appendicitis was approved by the State Health Authorities.
Inclusion criteria were adult patients with suspected appendicitis older than 16 years of age. Data on clinical condition, surgery, morbidity, and timing were collected by the treating medical staff. Questionnaires were controlled by the surgeon responsible for the collection of the 'Outcome' questionnaires in each department. A second control was performed by the data managers of the 'Outcome' association. Quality of life questionnaires were completed by the patients.
The diagnostic algorithm was based on personal history, clinical status, and laboratory findings. Routine radiological investigations are not part of the diagnostic process in any of the participating hospitals. The diagnostic algorithm was not standardized, and each surgical department of the participating hospitals was free to use additional investigations, such as ultrasound or computed tomography. No data were collected concerning the frequency of radiological investigations.
Surgery
Operations were performed either by standard open or laparoscopic techniques, according to departmental policies and surgeon preference. In all hospitals, a McBurney incision was the standard approach for open appendectomy. The study board did not impose any specific guidelines or prior training to surgeons. According to the intention to treat principle, conversions from the laparoscopic technique to the open technique were analyzed as ''laparoscopic'' operations.
Variables and outcome
The following variables were collected: age, gender, co-morbidities, size of the institution (B10,000 admissions/ year, [10,000 admissions/year), type of appendicitis (acute, perforated), histological finding (appendicitis, tumor, normal), surgical technique, conversion rate, re-intervention rate, length of hospital stay (LOS), and in-hospital delay. In-hospital delay was defined as the time period between admittance to the hospital and operation.
Co-morbidities were classified according the method of Charlson et al. [24] . Histological assessment of all resected specimens was performed. Acute appendicitis was diagnosed by histopathological examination. Perforated appendicitis was diagnosed primarily intraoperatively and confirmed by histopathological examination. Intraoperative criteria were visible perforation or spilling of feces.
Concerning in-hospital delay, groups were defined as B12 and [12 h. The 12 h cut-off was chosen because it allows a patient who is admitted in the evening to undergo surgical intervention the following morning, during regular working hours. Additionally this cut-off has been used in previous studies, thus allowing for direct comparisons [25] . The risk of perforation for cut-off values of 6, 9, 18, and 24 h was also evaluated. Primary outcome was perforation rate. Secondary outcomes were reintervention rate and LOS. Additional analysis was performed to assess the influence of time of admission (regular hours vs. after hours) on outcomes. Regular hours were defined between 07:30 and 17:00, and after hours between 17:01 and 07:29. Public holidays and weekends were not differentiated from normal working days.
Statistics
All data was tested for Normal distribution with the Kolmogorov-Smirnov test. All data were parametric, and are presented as mean values with 95% Confidence Intervals (CIs). Comparison of data between the two patient groups was undertaken with chi-square tests for categorical data and Student's t-tests for continuous data. Univariate and multivariate logistic regression was performed to analyze influence of the following variables on the outcome perforation: Gender (male vs. female), size of institution ([10,000 admissions vs. B10,000 admissions), age ([65 years vs. B65 years), co-morbidity (Charlson index [ 0 vs. Charlson index = 0), in-hospital delay ([12 vs. B12 h). Gender and institution were included a priori. Statistical significance was set at P \ 0.05. Statistical analyses were performed with MedCalc, version 9 for Windows.
Results

Descriptives
The overall collective consisted of 1,827 adult patients with suspected appendicitis. Mean age was 37.9 years (95% CI 37.1-38.7 years). There were 984 (53.9%) men and 843 (46.1%) women in the cohort. Open and laparoscopic techniques were evenly distributed, with a conversion rate of 6.7% in the laparoscopic group. Descriptive details of the overall cohort are shown in Table 1 . 1,675 (91.7%) patients had confirmed appendicitis and were further evaluated. In 114 (6.2%) patients with the clinical diagnosis of appendicitis a normal appendix was found at the time of histological assessment, and in 38 (2.1%) patients histology revealed a tumor.
Analysis of delay groups
The analysis of all patients with confirmed appendicitis according to 12 h delay (B12 vs. [12 h) between admission and surgery is shown in Table 2 . Delay of more than 12 h was associated with a significantly higher number of patients with perforated appendicitis (P = 0.010). The 12 h delay was also significantly associated with size of institution, time of admission, type of surgery, conversion rate, and LOS. The analysis of risk of perforation with additional delay strata showed no association of perforation with the 6 or the 9 h delay. However, the risk of perforation increased with increase of delay (Table 3) .
Patients with a delay [ 12 h were more often admitted to the hospital after hours. Analysis of the influence of time of admission on surgical delay showed that patients who were admitted during regular hours were older (regular hours age [ 65 years 10.9% vs. after hours age [ 65 years 6.4%; P = 0.002), and had more co-morbidities (regular hours Charlson index [ 1 8.0% vs. after hours Charlson index [ 1 5.3%; P = 0.040) and also a higher perforation rate (regular hours 248 patients (26.4%) vs. after hours 154 patients (20.9%); P = 0.012).
Logistic regression analysis of factors influencing in-hospital delay is shown in Table 4 . Size of institution, time of admission, and type of surgical technique were all independent predictors of an in-hospital delay of more than 12 h.
Acute versus perforated appendicitis and logistic regression
The groups according to presence or absence of perforation showed distinct differences in a number of variables and outcomes (Table 5) . Reintervention rates and LOS were significantly higher in the perforation group. Patients with perforated appendicitis were older, had more co-morbidities, and experienced a longer delay prior to surgical intervention. However, patients admitted after hours were less likely to have perforated appendicitis. Logistic regression analysis identified age, co-morbidity, time of admission, and in-hospital delay to be independent factors influencing perforation rate (Table 6) .
Discussion
This study of 1,675 adult patients undergoing appendectomy for appendicitis shows that an in-hospital delay of 12 h or more was associated with a significantly higher perforation rate and longer LOS. The 6 and 9 h delay was not associated with an increased risk of perforation, whereas the percentage of patients with perforation increased with in-hospital delays of more than 12 h (18 and 24 h). Older age, existing co-morbidity, and-to a lesser extent-time of admission are also independent factors associated with a higher perforation rate of the appendix and thus also influence the clinical outcome. Perforation itself was associated with significantly higher re-intervention rate, conversion rates, and longer LOS. Delay to surgery was associated with a number of other variables, including size of institution, type of surgical technique, time of admission, and conversion rate. Delay [ 12 h between admission and operation occurred significantly more often in large institutions. This is likely due to a larger number of emergency cases, many of which are complex and lengthy procedures. Appendicitis patients will often have a lower priority compared to neurosurgical, trauma, and vascular emergencies. Smaller hospitals do not have to deal with these more urgent and complex cases, and will have a greater capacity to perform these smaller procedures in a timely manner. The logistic regression showed that laparoscopic appendectomy was an independent predictor for in-hospital delay. Patients in the [ 12 h delay group underwent laparoscopic surgery more often than open surgery, which may represent the fact that laparoscopy was used preferentially as a diagnostic tool in patients who were initially observed. The conversion rate was higher in the delayed group, most likely secondary to the higher perforation rate. No data on reasons for conversion were collected. Also, it was not possible to retrospectively access the case notes recorded for the patients who underwent a conversion. Next to the delay between admission and surgery, the timing of admission played an additional role. Patients admitted during regular hours were older and had more co-morbidities. The perforation rate was significantly higher during regular hours. Time of admission was an independent predictor of in-hospital delay as well as perforation; however, only with borderline significance. The three other independent factors-age, co-morbidity and in-hospital delay-showed higher odds ratios and seem to have had more influence on the perforation rate than time of admission. Still, patients admitted during regular hours seem to have waited longer, which may be explained by the fact that regular operation lists are running and moderately urgent procedures such as appendectomy have to wait.
Perforation significantly influenced not only surgical technique and conversion rate but, more importantly, clinical outcome. Patients with perforation were more likely to undergo open appendectomy. This may have been due to higher rates of peritonitis in patients with perforation. However, this interpretation is speculative, as this study did not assess the findings of the clinical examination. In patients with perforation who underwent laparoscopic appendectomy, conversion rates were also significantly higher.
The reintervention rate was higher in patients with perforation. Length of hospital stay was more than double in perforated appendicitis. Next to the obvious impact on a patient's health and overall cosmesis of the operation, a perforation was certainly also associated with higher health care costs, from the additional reinterventions, the increased LOS, and the additional use of antibiotics. Patients who suffered from perforation were significantly older, more frequently had co-morbidities, and were more likely to have delayed surgery. These findings are consistent with observations of other studies showing that older patients present with more advanced forms of appendicitis [7, 9, [13] [14] [15] [16] [17] [18] 22] . The logistic regression showed that age was the most important factor influencing the perforation rate, followed by co-morbidity and delay. Patients over the age of 65 had a 4.5 times higher risk of perforation compared to those under 65. Patients with one or more co-morbidity had more than a twofold risk for perforation, whereas delay of 12 h or more increased the risk for perforation by a factor of 1.5. The influence of age on perforation rate has been addressed in a number of studies. One of the major reasons might be delay to diagnosis, as elderly patients wait longer to seek medical care [7, 17, 22, 26] . Another possible reason might be emergency department wait times. The number of possible differential diagnoses in an elderly patient is greater than that for younger patients, and additional preoperative management issues such as correction of renal impairment, reversal of anticoagulation, or correction of electrolyte imbalances might have further delayed the operation. Also, the use of additional imaging, such as computed tomography, may be more frequent in elderly and co-morbid patients, causing further delays.
It is important to acknowledge that there might also be a selection of patients with perforation present, because some patients with non-perforated appendicitis had a spontaneous resolution. There is circumstantial evidence suggesting that not every appendicitis progresses towards perforation and that resolution of nonperforated appendicitis may be more common than previously expected [27] .
The influence of in-hospital delay has been analyzed in a number of studies [7, 8, 10, 11, 19, 22, 23, 25] . In contrast to delay to diagnosis, which has been accepted as an important factor associated with more severe appendicitis, analyses of in-hospital delay are contradictory [7, 10, 11, 19, 22] . Indeed, some studies report shorter in-hospital delays in patients with perforated appendicitis, most likely because the more severe clinical findings expedited patient treatment [8, 23] . A recent retrospective analysis of over 1,000 cases showed that severity of pathology and morbidity in adult patients was time dependent [25] . The authors concluded that appendectomy should be performed as expeditiously as possible. Our findings underline these results, but show that age and co-morbidity are also important factors. Especially in elderly patients and those with co-morbidities, any delay of surgery should be avoided. However, performing appendectomy without delay will result in more frequent off-hour surgery, and this may result in more unsupervised operating by surgical trainees. The 2003 report from the United Kingdom of the National Confidential Inquiry into Perioperative Deaths (NCEPOD) showed that there was substantially less supervision by consultants in the evenings and after hours compared to daytime surgery [28] . This must be considered when a more timely surgery protocol for suspected appendicitis is implemented.
Some limitations merit mention. In the present study public holidays and weekends were not differentiated from normal working days. The study only addressed in-hospital delay, and not patient delay (time between onset of symptoms and diagnosis). Patient delay is difficult to determine, especially in elderly patients who might not be able to give an appropriate history of symptoms. The collective in the present study consisted of over 1,800 adult patients, and patient delay is likely to be evenly distributed between the groups and might therefore not have influenced the results. Another limitation is the lack of some preoperative and perioperative information, such as the frequency of preoperative antibiotic therapy, extent of peritonitis, and the number of patients who underwent open appendectomy via midline laparotomy. Antibiotic therapy has been shown to be a feasible alternative for the treatment of acute appendicitis [29] . In Switzerland, antibiotic therapy is generally started perioperatively and is only continued postoperatively if abscess, phlegmon, or perforation is present. However, no standardized protocol was used in the present study, and this might have influenced the results.
Conclusions
In-hospital delay negatively influences outcome after appendectomy in adults. The findings of the present study indicate that in-hospital delay of more than 12 h, age over 65 years, and the presence of co-morbidity are independent risk factors for perforation. A 6 or 9 h delay was not associated with an increased perforation rate. With increasing delay, the percentage of patients with perforation increased as well. Perforation is associated with a higher re-intervention rate and increased LOS. In elderly patients with co-morbidity and suspected appendicitis, a delay of surgery of more than 12 h should be avoided.
